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1 Introduction

1.1 ONCHOSIM: modelling the transmission and control of
onchocerciasis

ONCHOSIM is a computer program for modelling trensmission and control of the tropical
parasitic disease onchocerciasis, or river blindnksvas developed in collaboration with the
Onchocerciasis Control Programme in West Africa ROC974-2002), as a tool in the
evaluation and planning of control operations. Afrecan Programme for Onchocerciasis
Control (1995-2015) also adopted the program a®la The model comprises a detailed
description of the life history of the parasidchocerea volvuluand of its transmission from
person to person yimuliumflies. The effects of different control strategibased on
larvicide application and chemotherapy (ivermecitm) the transmission and on the disease
symptoms can be evaluated and predicted. Sinceritseption, the model has been used for
multiple applications as described elsewhere [1-11]

1.2 ONCHOSIM as a variant of WORMSIM

The ONCHOSIM modelling framework for simulatingrismission and control was first
described by Plaisier et al in 1990 [1]. In subssyears, Erasmus MC has developed
similar models for lymphatic filariasis (LYMFASIMLR]), schistosomiasis (SCHISTOSIM
[13]), and most recently also soil-transmitted hetimasis [14]. The initial models were
implemented in three separate, disease-specifipatenprograms (written in C++), although
all had very similar features. Recently, WORMSIMswkeveloped as a generalised
framework for modelling transmission and controhefminth infections in humans, and it
contains extra features to allow the simulatiothese different infections. Through
adjustment of input specifications on structuralasptions and the value of model
parameters, WORMSIM can be made to represent oratiasis or other diseases. We
continue to use the name ONCHOSIM to denote the WIS model variant for
onchocerciasis, because ONCHOSIM is well knowmenfteld and we want to make clear
that the model is still the same despite a diffesarftware implementation.

1.3 This document

In section 2, we briefly describe the general proge of the WORMSIM modelling
framework, followed by a formal description in geat3. In footnotes we highlight details
and alternative options that are not evident frammrhathematical descriptions. In section 4,
we provide an overview of the probability distrilmunts, functional relationships, and
parameter values that are used in ONCHOSIM. In@eé&; we provide instructions for
installing and running WORMSIM. In sections 6 andvé present annotated WORMSIM
input and output files, respectively.



2 WORMSIM

2.1 Modelling approach

WORMSIM simulates the life histories of individuaiminths and their transmission from
person to person mediated by either a cloud obvedr an environmental reservoir. In
addition, WORMSIM can be used to evaluate the &fetdifferent control strategies, such
as vector control and chemotherapy. WORMSIM conmbime simulation techniques;
stochastic microsimulatiois used to calculate the life events of individpatsons and their
inhabitant parasites, while the dynamics of infextnaterial in the cloud (i.e. the vector
population or environmental reservoir) is simulatiederministically

2.2 Implementation of WORMSIM in software

WORMSIM was programmed in Java using object-origmenciples. Individual people and
mature worms are modelled as distinct objects. W@RWIis event-driven, which means that
time progresses as a result of events (althoughhtyoevents are used for most processes).
The main advantages of the implementation in Jez&igh code quality and therefore easier
maintenance and extension. Model input parameterspeecified in a structured XML-file,
which is automatically validated using an XML Sclebefore the start of a set of
simulations.

The WORMSIM framework is very flexible in that ill@wvs the user to choose probability
distributions for stochastic processes (Appendank) functional relationships for
deterministic processes (Appendix Il), and to clestihg associated parameter values. Table
Al-1 provides an overview of the probability distrtions, functional relationships, and
parameter values used in this study.



3 Formal description of WORMSIM (v2.58Ap9)

3.1 Human demography

The human population dynamics is governed by lainth death processes. We defifa) as
the probability to survive to age The cumulative survival for intermediate ageshsained
by linear interpolation.

The expected number of births (per year) at a gmement is given by:

Ng
Ry()= ) Np(@1)- 1(a) 1)
a=1
with:
N¢(a,t) number of women in age groat timet
r,(a) annual birth rate in age-groap
n, number of age-groups considered.

Each monthR, (t) is adapted according to the number of women aeid élge-distribution.

Once every year, the total number of human indadslis checked; if the total number is
larger than a user-defined value, a fraction (akser-defined) is randomly removed from the
simulation.

The population distribution resulting from the aforentioned parameters is illustrated in
Figure Al-1. In this example, the simulated popaotastructure closely follows the age
distribution in Sub-Saharan Africa as estimatedh®/UN Population Division for the year
2000 (Figure A1-1) [1].

Figure A1-1. Population demography simulated in WORMSIM in alogeof excess mortality due to disease
(bars), compared to the 2000 population for SulafsahAfrica (diamonds; UN Population Division, Wbrl
Population Prospects: The 2012 Revision).
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3.2 Transmission of infection

In WORMSIM, transmission between individuals is na¢eld by a conceptual cloud, which
either represents a vector population or an enmemtal reservoir of infection. Individual
human hosts amexposedo the infective material in the cloud at varyirages, given their

age, sex, and personal factors. Vice versa, indalidostontributeinfective material

(larvae or eggs) to the cloud, the amount deperalintpe number and reproductive statues of
worms in the individual, as well as an individuaktis contribution rate (depending on age,
sex, and personal factors). The amount of infectiagerial in the cloud is updated in discrete
monthly time steps. Below, we describe how WORMSIMulates a full transmission cycle:
human exposure to infection and acquisition of wardynamics of infection within humans,
contribution of infective material to the cloud dawithin-cloud dynamics of infective
material.

3.2.1 Exposure to infection and acquisition of new worms

First, we define the overall force of infectiér(t) acting on the human population in month
as a function of the current absolute amount @fgtife material in the cloukd(t):

r(t) = lu(t) - ¢-v (2

Here,{ (zeta) is a scalar representing the overall exygosie, and is the probability that an
infective particle in the reservoir successfullyeleps into a parasite life stage that is capable
of infecting a human hoét.

Next, we define the force of infection acting upodividuali of agea and sexs as:

Foiy(®) = r()) =

oi;(t) =lr(t) " —7— 3
Ziz(l) Exi

Here,Ex; is the relative exposure of an individual, takinp account aga and ses, as well

as personal factors:

Ex; = Exa(a;, s;) - Exi; (4)
with:
Exa(a;,s;) Relative exposure of person with agand sess, defined as a linearly

interpolated function of user-defined exposuregébe a finite set of
ages (for each sex).

Exi; Exposure index of persenwhich captures personal factors related to
e.g. behaviour and occupatidfxi; is assumed to follow a gamma
distribution with mean 1.0 and shape and rate fawale) equal tag,;.
The exposure index of a person remains constamtdhout lifetime’

a¢ is perfectly negatively correlated with transmassprobabilityv, success ratisr, relative biting ratebr, and
vector zoophilyz. See also the section on contribution of infecthagerial to reservoir. For filarial transmission,
we set{ = 1, quantifyv based on vector biology, setto a constant value, and calibrate transmissidim nlor.

For STH, we set = rbr = sr = 1, and calibrate transmission wifhwhich has a more natural explanation in
the STH context (exposure to the reservoir) ttan

P |f desired, other continuous probability functican be chosen.



Finally, a persom is assumed to become infected in manffaccording to a Poisson process
with rate equal tfoi;(t) - sr - Imm;(t). Here, success ratgy is a constant representing the
probability that an inoculated infective particldlwievelop into a macroparasitézinally,
Imm;(t) represents the impact of the host's immune responsiontht on incoming
infections [2]:

Immi(t) =1—djpm - imm,; - Wcum,i(t) (5)
Wcum,i(t) =W; )+ Brmm * Wcum,i(t -1

Here,a;nn is the effect of immunity anonm; is an individual host’s capacity to elicit an
immune response, drawn from a positive boundedghibty distribution with mean one (e.g.
a gamma distribution with equal shape and ratelé$ parametersy/,,,,, ; (t) is the
cumulatively experienced worm burden of hioistmontht, W;(t) is the worm burden of host
i in montht, andB,,,,,, represents the immunological memory spiip.{ = e~ "@/dimm,
wherel; ., is the desired half-life (in months) of the immiowcal response; vice vera
Aimm = — ln(z)/ln(ﬁlmm))-

3.2.2 Within-host dynamics of infection

For convenience, in this section we drop the sugiscfor individual humans. The lifespan of
male and female parasites within human hostsasdam variableT~Weibull (u7;, @),

with meanu,; years and shaps,.° Once parasites come of age (i.e. when they pass th
prepatent aggp), female worms can start producing larvae or egigd, males can inseminate
female worms. The reproductive capacify, t) of a patent female worm of ageat timet is
calculated as follows (in absence of drug effects):

r(a,t) = R(a —pp) -m(t) - z(t) (6)
with:
R(A) Potential reproductive capacity of a female wotwgears after reaching

patency, defined as a linearly interpolated fumcté user-defined values for a
finite set of ages.

m(t) Mating factor at time

z(t) The exponential fecundity coefficient at timelefined ag(t) = e ™" ® 4z,
whereW(t) is the number of adult worms (males and fematea)given host at
timet, and1, € R* quantifies the amount of negative density depeceldf
A =0, there is no exponential saturation in egg pradadk(t) = 1).

To produce larvae or eggs, a female worm mustsemmated each reproductive cyete
defined in terms of months. If insemination too&qd less thanc months ago, them(t) =
1. Otherwise, the probability of insemination omsgminationP;,,;(t) in montht is given by:

¢ For readers used to the other commonly used p&eimation of the Weibull distribution in terms stiapek
and scalé.,, shape is ar (as described in this document) and séateur;/T(1+ 1/ar).



pot - Wy, () /We(t) if pot- Wy (t) < We(t)
if pot <0 or otherwise

Pans(®) =1, (7)

with:
W(t) the number of malé/(,) or female W) parasite in the human at tirhe

pot  the number of female worms that a male worm caaritinate per morfth

If no insemination takes place thet(t) = 0 and the female worm has a new opportunity to
be inseminated in the next month 1. If insemination occurs in montithenm(t) = 1
duringt; <t <t; + rc.

The density of larvae (e.g. per skin snip) or e@yg. per gram faeces)(t) in a hostat timet

is calculated by accumulating the production ofaathale parasites over the past months
within that host:

sl(t) = O(el(t)) (8)
ni ™m

el(t) =Zd]-2rj(aj—x,t—x) 9
j x=1

with:

el(t) theeffective parasite loadt timet. This intermediate variable describes the
female parasite load obtained by weighting eachmwaccording to the mf-
productivity during the pastm months.

0(.) Afunction that returns the total amount of infeetmaterial produced by
female parasites. For onchocerciasis, we assurh@ €hais a linear function
through the origin with slope 7.6 mf per fully pradive adult female worr.
dispersal factoof female parasitg This is a random variable (mean 1.0)
drawn for every “newborn” worm, and accounts fdfedences in the

contribution of female worms to the density at skendard site of the body
where samples are taken or vectors bite.

Tm  (fixed) lifespan of larvae or eggs within the himsterms of months.
n; number of parasites alive during at least onéefhonthg-1,...,t-Tm

3.2.3 Host contribution of infective material to the cloud

Given the density of larvae or eggfs(t) in all N(t) host in month, the total amount of
infective material that is contributed to the cldudthe host is defined as

4 When the user specifies a negative valuerfate potentialfemale worms can produce larvae or eggs in the
absence of male worms.

¢ Alternatively, other functional relationships besmel ands| can be defined. Saturating functionsshould not be
used wheif'm > 1, as this will cause partial saturation of fematenv productivity in month, given the output
in monthst — 1 throught — Tm. This will be alleviated in a future version of \R®ISIM by settingsi(t) =

yrm O(Z?iﬁ(aj —x,t— x))



N(t)

Ry, = Z Mbr(t) - br - U(sl; (£)) - Co; (10)
i=1

Here,Mbr(t) is the average contribution rate in moh{monthly biting ratdor filarial
infections), allowing the user to define a seaspa#tern (in absence of vector control). The
relative biting raterbr is used to scale this seasonal pattern to sonmeddsvel® The
functionU(.) returns the amount of infective material takerbyghe cloud given the density
of eggs or larvael;(t) in a host, possibly in a density dependent matlepresent e.g.
limited vectorial capacity to transmit infectibhast, Co; is the relative contribution of an
individual, given age, sex, and personal factors:

Co; = Coa(a;,s;) - Coi; (11)
with:

Coa(a; s;) Relative contribution of person with agend se»s, defined as a
linearly interpolated function of user-defined egpce rates for a finite
set of ages (for each sex).

Coi; Contribution index of persanwhich captures personal factors related
to e.g. behaviour and occupatidhi; is assumed to follow a gamma
distribution with mean 1.0 and shape and rate fgnale) equal te,;.
The contribute index of a person remains conshantighout lifetime.

In WORMSIM default assumption is thébi; = Exi;, unless separate
distributions are defined.

3.2.4 Dynamics of infective material in the cloud
For the dynamics of infective material in the clome define a deterministic, discrete model:

u(t) = )+ - lult—1) (12)

Each month, new infective material(t);, is added to the cloud, and a fixed proportjoof

the infective material from the previous monthasried over, assuming exponential survival
of infective material. The average life span oéctive material in the cloud is then defined as
—1/In(yy) months. To simulate filarial transmission, weget 0, such that the cloud
represents a vector population in which larvaeisarfor much shorter than a month. To
simulate hookworm or other STH infections, we®et ¢ < 1, such that the cloud represents
an environmental reservoir of infection in whicleictive material survives for a non-
negligible time.

3.3 Morbidity
The event of a person developing symptoms atatgpends on the@ccumulated parasite
load (elc) of a person:
a
elc(a) = z el(x) (13)

x=0

" For filarial infection,U (.) typically is a density-dependent functionsdf(t) to represent limited vectorial
capacity to transmit infection, whereas for STH take U (.) to be the identity function.

10



Each person has a threshold leziel (denoted ag'lc) at which a person goes blinglic
follows a probability distributionElc~Weibull (ug., agic), With mearnug;,. and shapeg;,.
Person goes blind at aga when:

elc;(a) = Elc; > elc;(a—1) (14)

At that moment the remaining lifespan at age reduced by a factok which follows a user-
defined distribution on [0,1.

3.4 Mass treatment coverage and compliance

The primary characteristic of a certain ivermeatiass treatment is the coveragg,,

(fraction of the population treated). However, ficlilty in calculating individual chances of
participation is that there are several exclusiatera for the drug. Moreover, compliance to
treatment differs from person to person. Exclugioteria can be either permanent (chronic
illness) or transient (e.g. related to age or paegy). We define the eligible population as the
total populatiorminusa fractionf, that is permanently (lifelong) excluded from. The
coverage among the eligible populat@y, is now given by:

C'yw=Cw/(1— 1) (15)
Here,C’,, cannot be larger be than one (i.e. is capped afifie).

To capture transient contra-indications and otlger and sex-related factors for participation
in mass treatment, we the age- and sex-specifitivelcompliance, (k, s). Note that in
¢, (k,s) only theratio between the values for the different groups svaaht.

Now, the coverage(k, s,w) in each of the age- and sex-groups at treatmentno is
calculated as:

¢ (k,s) - N(w)

c(k,s,w) =
Y21 Xl ek, s) - Nk, s,w)

(16)

with:
N(k,s,w)

Number of individuals eligible to treatment in ag@@upk and sejs at
treatment round.

N(w) Total number of eligible individuals at treatmeotindw.

Finally, the probability to participate in treatnt@aundw for an eligible personof age-
groupk and sexsis given by:

1-c(k,s,w)
Ptr;,, = co; cksw) (17)

with:

co; Personal compliance index. This is consideredldslang property and is
generated by a uniform distribution on [0,1]

Note that for alk ands the average value @fr;,, equalsc(k, s, w). Now, in WORMSIM we
define 3 coverage models. In model O, the prolighdi be treated is as given in equation

9 For STH modelling, we do not use this feature, thod assume zero excess mortality from infection.
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(17). In model 1, the probability is equald@k, s, w) and the compliance index; is

ignored. The simplest model is model 2 in whichtteatment probability simply equdls,.

All models take account of a fractigiof permanently excluded persons. Figure Al-2
illustrates the impact of different assumptionswtlmmmpliance patterns on the proportion of
the population that has never been treated aftertain number of treatment rounds.

Figure A1-2. Relation between compliance patternsand proportion of population that has never been
treated. For simplicity, here we assume that compliandedspendent of age and sex. Random compliance
(solid line) means that eligible individuals paigieite completely at random (compliance model 1 or 2
WORMSIM, depending on whether age and sex-pattmmsequired). Systematic compliance (dotted line)
means that an individual either always participéfesligible) or never (compliance model 1 or 2 in
WORMSIM, combined with a fraction of excluded pempljual to one minus the target coverage). Thednixe
compliance pattern (dashed line) means that sodngdnals are systematically more likely to paretie than
others (but everyone will participate at some paiatmpliance model 0 in WORMSIM).
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3.5 Parasitological effects of treatment

In WORMSIM, drug treatment affects parasites irethmain ways. First, a drug may
instantly kill a proportion of larvae or eggs pressi a host. This proportion is either fixed or
a randomly drawn from a user-defined probabilistibbution for each host and treatment.

Second, a drug may instantly kill pre-patent angltadorms with probabilityn; in hosti. A
wormj dies when a random variate on [0,1] (redrawn for every new treatment) is deral
than or equal tan;.

Third, a drug may temporarily and/or permanentiyd(@umulatively) reduce the reproductive
capacity of female worm by a proportidpin hosti. In case of a temporary effect, the
reproductive capacity will restore within a peribg to its maximum value (in case of any
concomitant permanent reductions, reproductive @gpwill regenerate to the new,
permanently reduced maximum value. The secondlartidffect are jointly defined as
follows:

m; =vim (18)
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d; = v;d,

Tr; =v;Try

rj(aj,t) = Tjo(aj't) . (1 - dl) . (Ti‘ri)s’ if U; > m;, di <1, andt < TTi

ri(a;t) =r2(a;t)- (1 —dy) if wj >my,d; <1,andt >Tr,
r(t) =0 otherwise
with:
Vi Relative effectiveness of treatment in persdfor every separate treatment

and person, a new value is drawnyioirom a user-defined distribution (i.e. the
relative effectiveness applies to all worms in espa during a specific
treatment).

m,  Average fraction of prepatent and adult parasitiéesd.
do Average permanent (unrecoverable) reduction iraferreproductive capacity.

Tr, Average duration until full recovery from temporaffects on female
reproductive capacity.

ri(a;,t)

Reproductive capacity of female woinn montht, 7 months after the last
treatment.

0
1’ (a;t)
Reproductive capacity of female wojrhad person not been treated at the
last roundz months ago.

s Shape parameter of the recovery function.

In addition to this, we explicitly consider thatnse persons (a user-defined random fraction
of the treated population) do not at all react® drug during a certain treatment due to
malabsorption (e.g. due to vomiting or diarrhoea).

3.6 Vector control

Vector control is modelled as a reduction of thenthty biting rates during a given period of
time. A period of vector contrdis specified as the year + month of the beginoifthe
strategy and the year + month of the end of aegjyatif a certain month during a perioddf
days larvicides have been applied, then the regtuaiiMbr(t) in that month equald/30 x
100%.

3.7 Surveys

During the simulation, user-defined surveys wikdalace. During a survey, for all simulated
individuals the actual number of male and femalemsis recorded, and a diagnostic test is
simulated to detect infective material (larvae,gg§or the diagnostic test, the expected
amount of infective material per sample (e.g. nfiagae per skin snip, or eggs per gram
faeces) for an individual is given BY;(t).

" Multiple periods of vector control can be spedfieach with its own effectiveness.

13



The actual number of infective particles (micrafdee, eggs, etc.) in the sample is assumed to
follow a discrete distribution like a Poisson ogatve binomial distribution, with mean

equal tosl;(t). At each epidemiological survey a user-defined nenaf samples are taken
from all simulated persons, for which the resufes@eraged (per simulated person). The
results of such a survey are post-processed teeatiage and sex-specific prevalences and
intensities of infection.

3.8 Simulation warm-up

In general, before starting simulation of intervens in ONCHOSIM, a 200-year warm-up
period is simulated, such as to allow the humanvemin population to establish equilibrium
levels, given the parameters for average fly bitatg and inter-individual variation in
exposure to infection. At the start of the warmpgpiod, an artificial force of infection is
simulated for a user-defined number of years, aligworms to establish themselves in the
human population (here: 4 worms per person perfpedr5 years). After the 200 warm-up
years, the simulated infection levels are no lorogerelated with the initial conditions at the
start of the warm-up period.

' For filariasis transmission, we typically assumattsampling error is Poisson distributed.

14



4 ONCHOSIM input: Probability distributions, functions
and parameter values

Table A1-1. WORMSIM quantification used to ssmulate onchocerciasis transmission. Given that
WORMSIM is a general modelling framework that cevearious helminthic infections, certain parametiers
not apply to onchocerciasis transmission but atedianyway for the sake of completeness (indicateste

applicable).

Parameter

Value Source

Human demography

Cumulative survivalK(a)), by age (see also Figure Al) [15]

0

5
10
15
20
30
50
90

Fertility rate per womang(a)), by age

1.000
0.804
0.772
0.760
0.740
0.686
0.509
0.000
[15]

0-14 0.000

15-29 0.109

30-49 0.300

50+
Population trimming
Transmission of infection
General transmission parameters

Relative biting raterpr)

0.000

10% if population size exceeds 440. Assumption

Varied between simulations to modify the annughtp
rate.

Overall exposure rate of human hostNot applicable to onchocerciasis transmissipe:(1)

to central reservoir of infectio§ )

Seasonal variation in contribution to
reservoir (nbr)

Transmission probabilityy, i.e. the

104%, 91%, 58%, 75%, 75%, 66%, 102%, 133%, [16]
117%, 128%, 146%, and 105% times the average
monthly biting rate (January—December)

v = 0.07345; see reference for the derivation of this [11]

probability that an infective particle invalue, given parameters for fly biology and

the reservoir successfully develops

development of infective L3 larvae within the fly.

into a parasite life stage that is capable

of infecting a human host

Success ratios()

sr=0.31% [17, 18]
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Parameter Value Source
Zoophily ) z = 0.04. [6], expert
opinion (OCP

Individual relative exposure to flies

Variation in by age and sekxa)

Variation due to personal factors

(aExi)

Zero at birth, linearly increasing between agea®
from 0 to 1.0 for men and from O to 0.7 for womamd
then constant from the age of 20 years onwards

entomologists)

[17]

Gamma distribution with mean 1.0 and shape and ratd 7],
(fixed through life) given age and sexequal to 3.5

Individual relative contribution to infection inétfly population

Variation by age and se€¢a)

Variation due to personal factors

(aCoi)

Host immunity to incoming infections

Average impact of host immunity

(almm)

Immunological memoryf;.m)

unpublished
data from OCP

Coa = Exa; individual contribution and exposure to th&ssumption

cloud are perfectly correlated, given they are goee
by the same fly bites.

Coi = Exi; individual contribution and exposure to theAssumption
(fixed through life) given age and sexcloud are perfectly correlated, given they are gose

by the same fly bites.

Assumed irrelevant for onchocerciasis, hesgg,, =
0; i.e. no effect of immunity on incoming infections

Irrelevant given that,,,, = 0.

Life history and productivity of the parasite in the human host

Average worm lifesparir() 10 years
Variation in worm lifespan

Prepatent periogp) 1 year

Age-dependent microfilaria productic R(a)=1 for0<a<5
capacity R(a)

R(a)= 1-((a-5)/15) for X a < 20

R(a)=0 fora> 20

Longevity of microfilariae within host 9 months

(Tm)
Mating cycle (c) 3 months

Male potential jjot) 100 female worms.

Density-dependent female worm
reproductive capacity

Worm contribution to host load of 7.6 mf/worm
infective material Q(.))

16

Weibull distribution with shape 3.8.

Assumption

Assumption

(2]
Assumption [2]

[2], which
refers to [19,
20]

[2], which
refers to [21,
22]

[17]

[17], which
refers to [23,
24]

[17]

[17]



Parameter Value

Source

Exponential saturation of individual 2, = 0, i.e. no exponential saturation.
female worm productivity per worm
present in hostA(;)

Mor bidity
Disease thresholdt(c) for blindness ~ Weibull distribution with mean 10®and shape 2.0

Reduction in remaining life 50%
expectancy due to blindness)(

I nfection dynamics in the cloud

Cloud uptake of infectious material Exponential saturating function with parameters1.2,
@) b =0.0213, and = 0.0861 (see appendix Il for the
definition of an exponential saturating function).

Monthly cumulative survival of 0%; i.e. the cloud represents a cloud of vectas th
infective material in the central transmit infection within the same month.
reservoir ()

Masstreatment coverage

Coverage(,,) User-defined.
Relative compliancecf(k,s)) by age and sex (descriptive label used in graphs)
age-group cr(k,males) cr(k,females)
0-4 0 0
5-9 0.75 0.5
10-14 0.8 0.7
15-19 0.8 0.74
20-29 0.7 0.65
30-49 0.75 0.7
50+ 0.8 0.75

Drug treatment

Proportion of microfilariae cleared  100%
from host

Duration of temporary reduction in 11 months
female reproductive capacityy),
average

Permanent reduction in female worn 34.9%
reproductive capacityi(), average

Proportion of adult worms killedr{,) 0%

Relative effectivenessi Weibull distribution with mean 1 and shape 2

17

Assumption

(9]

[9], which
refers to partly
published data
from OCP [25];
and [1], which
refers to [26,
27]

[3], which
refers to [28,
29]

Assumption

Based on
unpublished
OCP data

[5]

[5]

[5]

[5]
[5]



Parameter Value

Source

Vector control

Timing Not used.
Coverage Not used.
Surveys

Dispersal factor for worm contributio Exponential distribution with mean 1
to measured density of infective
material ¢)

Variability in measured host load of Poisson distribution with meass (t)
infective material (eggs per gram
faeces)

(2]

(2]
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5 Instructions for installing and running WORMSIM

5.1 Installing WORMSIM

Download and install the Java SE Runtime Environm3e¢mm
http://www.oracle.com/technetwork/java/javase/davaals/jre8-downloads-2133155.html

Download and unzip wormsim-2.58Ap9.zip to a locatad your choice on your computer.
A folder named wormsim-2.58Ap9 will be created tbantains:

- anumber of example XML input files (all ending.xml)

- wormsim.xsdthe XML Schema that is used to validate inpesfil

- wormsim.jar a Java archive with the .class and .java fileg/ofmsim

- colt.jar, the Colt library by Wolfgang Hoschek (CERN) tlisatised for statistical
distributions

- run.shandrun.bat a script / batch file to run Wormsim

- avg.shandavg.bat a script / batch file to aggregate the outpundividual runs
produced by running Wormsim

- test.shan example script / batch file that calls rumstbat and avg.sh/avg.bat

- readme.txta text file documenting the history of changeSormsim

- license.txt a text file describing the license and condititorsusing WORMSIM

5.2 Running WORMSIM

5.2.1 Microsoft Windows

Test the successful installation by:

- opening a DOS command line window by clicking oarSWindows 7) and typing
cmd and pressing enter. Navigate to the folder whe@RMSIM has been installed,
for instance (if you downloaded the zip file to yalesktop and unzipped in that

location):
cd .\Desktop\wormsim-2.58Ap9

- if you do not have any experience with running bdtles, you will find a tutorial at
http:.//www.computerhope.com/issues/chusedos.htm

- running the test.bat batch file by typing:
Mest

- after runningest.batyou should find the following files in your WORMS8Ifolder:

example_oncho.log
example_oncho.txt
example_oncho -19.zip zip file containing output of individual runs
- seethesupplement WORM SIM output documentation for details about the
output files

Copy theexample _oncho.xnmput file and edit this file for your specificestario. To run
WORMSIM with the new input file, copy and edit thest.batbatch file. Assuming you
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copiedexample_oncho.xnmb my oncho.xmandtest.batto my_test.bagtyou would edit

the contents of the nemy_test.bags follows:
Arun.bat my_oncho.xml 0 99
A\avg.bat my_oncho.xml 0 99

and run your shell script with:
Amy_test

to do 100 runs and aggregate the output of these ru

5.2.2 Mac OS X or Linux

Test the successful installation by:
- opening a Terminal window by running the Terminagram (to be found in
Utilities) and navigating to the folder where Woimsas been installed, for instance

(if you downloaded the zip file to your desktop amzipped in that location):
cd ~/Desktop/wormsim-2.58Ap9

- if you do not have any experience with running ké&lipts, you will find an excellent
Unix/Linux tutorial athttp://www.ee.surrey.ac.uk/Teaching/Unix/

- running the test.sh shell script by typing:
Jtest.sh
- after running test.sh you should find the followfilgs in your Wormsim folder:

example_oncho.log
example_oncho.txt
example_oncho0-19.zip zip file containing output of individual runs
- see the supplement Wormsim output documentatioddtails about the output files

Copy theexample _oncho.xnmput file and edit this file for your specificestario. To run
WORMSIM with the new input file, copy and edit ttest.shshell script. Assuming you
copiedexample_STH.xmb my_ STH.xméndtest.shto my_test.shyou would edit the

contents of the newy_test.stas follows:

Jrun.sh my_oncho.xml 0 99

Javg.sh my_oncho.xml 0 99

and run your shell script with:

Jmy_test.sh

to do 100 runs and aggregate the output of these ru

5.2.3 Output options

The d output option will make WORMSIM produce additioni@tailed output. This
output is found irfX.txt and*Y.txt (for instanceexample_onchoX.t@nd
example_onchoY.fxt

The -n output option suppresses all output excepttlog output (e.g.
example_oncho.lgg

Either output option can be added to the command as follows:
Jrun.sh my_oncho.xml 0 99 —d
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or
Jrun.sh my_oncho.xml 0 99
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6 Annotated input file

The WORMSIM inputfile is an XML file that can beigst with any text editor or
alternatively, with an XML editor (such as OxygeMK Editor).

The advantage of using the XML format is that arpuit file can be validated against an
XML Schema (a formal specification of the grammsed in the specific XML dialect used
for the WORMSIM input file).

The Wormsim input file is documented with an antedaexamplegnnotated-example.xinl
The XML Schemawormsim.xsd is documented in great detailsdnhema-documentation-
wormsim.pdf(provided with the software).

A copy of an annotated input file for ONCHOSIM mciuded below, split into fragments that
cover the different elements of the input file {gshaded boxes). Together, these fragments
constitute a complete input file.

* Inputfile header

*  Simulation

» Demography

* Blindness

» Exposure.and.contribution

e Immunity

*  Worm

* Fly

* Mass.treatment

* Vector.control

Meaning of the formatting of the input files:
- Text formatted in green as <!— this is a comment --> ) denotes a comment
- Grouping name tags for sets of input parameters are displayed in blue, while
red indicates the specific parameters for which input is to be given.
- The actual inputs are found in the quotation marks, formatted in purple

6.1 Inputfile header

<?xml version ="1.0" encoding ="UTF-8" 2>

<wormsim.inputfile xmins:xsi  ="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemalocation ="wormsim.xsd"
model ="onchosim" >

<l-- Input file for WORMSIM: -->
<l-- Wormsim v2.58Ap9 -->

<l-- Author: Wilma Stolk -->

<!-- Date: 2015-07-30 -->

6.2 <Simulation>

The<simulation>  element specifies the start year of the simulatioa timing of surveys
(i.e. output moments), the number of skin snipsniait each survey and the age classes for
output.

<I-- general settings for simulation and simulation output  -->
<simulation start.year ="1800" >
<l-- number of skin snip taken per person ->
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<surveillance nr.skin-snips ="2" >

<l-- timing of surveys ->
<l-- month 0 represents January 1st -->
<l-- see note regarding "delay" below ->

<periodic.surveys>
<start year ="2000" month="6" delay ="-2" />
<stop year ="2000" month="7" />

<interval years ="0" months ="6" />
</periodic.surveys>
<extra.surveys>
<survey year ="2002" month="6" delay ="-2" />
</extra.surveys>
<l-- upper bounds of age categories in output ->
<age.classes>

<age.class  age.limit ="5" />

<age.class  age.imit  ="90" />

</age.classes>
</surveillance>

<l-- upper bounds and weights of reference populati on for -->
<l-- age and sex-standardized output (OCP standard pop) -->
<l--in literature, the weight for age <5 is usuall y zero -->

<standard.population>
<age.group age.limit
<age.group age.limit
</standard.population>
</simulation>

"5" n.males ="0" n.females ="0" />
"90" n.males ="1000" n.females ="1000" />

6.3 <Demography>

The<demography> element defines life tables for the male and ferpalpulation, the
maximum population size (above which random persathbe removed), a fertility table,
and the initial population size and age distributiSee comments below.

<l-- demographic parameters of simulated population ->
<demography>

<l-- whenever the simulated population size exceeds the -->

<l-- the specified maximum, a random fraction is re moved -->

<l-- see note regarding "delay" below ->

<the.reaper max.population.size ="440" reap ="0.1" delay ="-3" />

<l-- survival represents cumulative survival probab ility -->

<l-- and is determined by for unspecified ages by | inear -->

<l-- interpolation of values for specified age limi ts -->

<life.table>
<survival age.limit  ="5" male.survival ="0.804" female.survival ="0.804" />
<survival age.limit  ="10" male.survival ="0.772" female.survival ="0.772" /I>
<survival age.limit  ="15" male.survival ="0.760" female.survival ="0.760" />
<survival age.limit  ="20" male.survival ="0.740" female.survival ="0.740" />
<survival age.limit  ="30" male.survival ="0.686" female.survival ="0.686" />
<survival age.limit  ="50" male.survival ="0.509" female.survival ="0.509" />
<survival age.limit  ="90" male.survival ="0.000" female.survival ="0.000" />

</life.table>

<l-- rates represent probabilies for women to give birth -->

<l-- to one child in some year, given a woman's age ->

<l-- rates are assumed constant within each age cat egory -->

<l-- and ages limits represent upper bounds of cate gories -->

<l-- see note regarding "delay" below ->

<fertility.table delay ="-4" >
<fertility age.limit  ="5" birth.rate ="0" />
<fertility age.limit  ="10" birth.rate ="0" />
<fertility age.limit  ="15" birth.rate ="0" />
<fertility age.limit  ="20" birth.rate ="0.109" />
<fertility age.limit  ="30" birth.rate ="0.300" />
<fertility age.limit  ="50" birth.rate ="0.119" />
<fertility age.limit  ="90" birth.rate ="0.0" />

<[fertility.table>

<l-- population size to start simulation with ->

<initial.population>

<age.group age.limit ="5" n.males ="4" n.females ="4" />
<age.group age.imit ="10" n.males ="5" n.females ="5" />
<age.group age.limit ="15" n.males ="3" n.females ="3" />
<age.group age.limit ="20" n.males ="3" n.females ="3" />
<age.group age.limit ="30" n.males ="4" n.females ="4" />
<age.group age.imit ="50" n.males ="6" n.females ="6" />
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<age.group age.limit ="90" n.males ="4" n.females ="4" />
</initial.population>
</demography>

6.4 <Blindness>

The<blindness> element defines the parameters for developmemoobidity (“blindness”
as originally developed for ONCHOSIM, where we siyez threshold of cumulative
exposure to microfilaria) and the effect of morbjichn the remaining life expectancy.

<l-- parameters for development of blindness ->
<l-- when a person's cumulative exposure to mf exce eds a thres- -->
<l-- hold, a person is considered blind ->
<l-- individual variation in susceptibility is mode led by let- -->
<l-- ting the threshold vary between individuals, a ssuminga -->
<l-- Weibull distribution with some mean and shape "pl", trun- -->
<l-- cated at the specified bounds "min" and "max" ->
<blindness>
<treshold distnr  ="3" min="0" max="100000" mean="10000" p1="2" />
<l-- upon turning blind, the life-expectancy of a p erson -->
<l-- is reduced by a variable fraction: on average 50%, -->
<l-- and uniformly distributed between 0% and 100% ->
<pct-life-expectancy-reduction distnr  ="1" min="0" max="100" mean="50" />

</blindness>

6.5 <Exposure.and.contribution>

The<exposure.and.contribution> element defines the parameters for the exposure of
humans to a vector (or infectious reservoir) areddbntribution of humans to the vector cloud
(or infectious reservoir). See comments below.

<l-- parameters for exposure to fly bites ->
<l-- N.B. in WORMSIM we only describe fly bites on humans, -->
<l-- whereas previously, ONCHOSIM also specified th e fraction -->
<l-- of fly bites on animals ->
<exposure.and.contribution>
<I-- initial force of infection to introduce infect ion -->
<l-- into the simulated population; duration in yea s -->
<initial.foi duration ="7.5" foi ="4.0" />
<l-- parameters for individual exposure to fly bite s, ->
<l-- depending on gender, age, and personal factors ->
<male>
<l-- age-dependent exposure, relative to mean exp - ->
<l-- of adult males, assuming a linear increase - ->
<l-- between age 0 and 20, after which exposure - ->
<l-is 1.0 - ->
<exposure.function fun.nr ="1" a="0.05" c="1" />
<l-- individual variation in exposure related to - ->
<l-- e.g. occupation and attractiveness to flies, - ->
<l-- assuming a gamma distribution with mean one - ->
<l-- and variation 1/p1 (shape and rate p1), - ->
<l-- truncated by "min" and "max" - ->
<exposure.index distnr  ="4" min="0" max="20" pl="3.5" />
</male>
<female>
<l-- age-dependent exposure, relative to mean exp - ->
<l-- of adult males, assuming a linear increase - ->
<l-- between age 0 and 20, after which exposure - ->
<l-is 1.0 - ->
<l-- exposure of females to fly bites is assumed - ->
<l-- to be 70% of that of males - ->
<exposure.function fun.nr ="1" a="0.035" c¢="0.7" />
<l-- individual variation in exposure related to - ->
<l-- e.g. occupation and attractiveness to flies, - ->
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<l-- assuming a gamma distribution with mean one - ->

<l-- and variation 1/p1 (shape and rate p1), - ->

<l-- truncated by "min" and "max" - ->

<exposure.index distnr  ="4" min="0" max="20" pl="3.5" />
</female>

</exposure.and.contribution>

6.6 <Immunity>

The<immunity> element defines the (optional) development of mstunity. Immunity is
not considered in the current ONCHOSIM model.

<l-- parameters related to development of host immu nity ->
<l-- these are currently set such that no immunity develops -->
<immunity>
<male alpha ="0" beta ="1" >
<immunity.function fun.nr ="0" a="1" />
<immunity.index distnr  ="0" min="0" max="20" />
</male>
<female alpha ="0" beta ="1" >
<immunity.function fun.nr ="0" a="1" />
<immunity.index distnr  ="0" min="0" max="20" />
</female>
</immunity>

6.7 <Worm>

The<worm> element defines parameters for worm lifespan, gieeg period, mating between
M and F worms, age-dependent production of mi@aoéll mf density per worm and skin
dispersal.

<l-- parameters for worm survival and mf production ->
<l-- mf lifespan in months, see note regarding "del ay" below -->
<worm mf-lifespan  ="9" monthly.event.delay ="+1" >
<l-- worm lifespan in years, allowing for variation ->
<l-- between worms, assuming a Weibull distribution with -->
<l-- mean 10 and shape 3.76, bounded by "min" and " max" -->
<lifespan distnr  ="3" min="0" max="50" mean="10" pl1="3.76" />
<l-- pre-patent during which worms do not produce m fand -->
<l-- are not affected by ivermectin ->
<prepatent.period distnr  ="0" mean="1" />
<l-- number of months a female can produce mf with one -->
<l-- insemination, and number of females one male w orm -->
<l-- can inseminate per month ->
<l-- if there are more female worms than the total male -->
<l-- potential, every female has a probability of b eing -->
<l-- inseminated equal to N_mw/N_fm*male.potential ->
<mating cycle ="3" male.potential ="100" />
<l-- mf production by female worms as function of w orm -->
<l-- age minus pre-patent period; mf production at un- -->
<l-- specified ages is determined by linear interpo L ->
<age.dependent.mf-production>
<mf-production age.limit  ="0" production ="1" />
<mf-production age.limit  ="5" production ="1" />
<mf-production age.limit  ="20" production ="0" />
</age.dependent.mf-production>
<l-- expected N_mf per worm in skin snip as product of -->
<l-- number of mf contributed per fully fecund worm and -->
<l-- random dispersal factor representing the dista nce -->
<l-- between a worm and site of skin snip, assuming an -->
<l-- exponential distribution, truncated by "min" a nd -->
<l-- "max" -->
<skin.mf-density.per.worm fun.nr ="1" a="7.6" c="-1" />
<skin.dispersal distnr  ="2" min="0" max="5" />
<l-- poisson distribution for observed number of mf in -->
<l-- one skin snip ->
<skin-snip.variability distnr  ="5" />
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</worm>

6.8 <Fly>

The<fly> element defines parameters that determine theessitd uptake and development
of L1 larvae into infective L3 larvae and also detims the fly biting rate.

<l-- probability that an mf taken up by a fly bite

<l--into an L3 and is transmitted to another human

<l-- account of the fly's gonotropic cycle, surviva

<l-- duration and probability of an ingested mf dev

<l-- into an infective L3 and surviving up to the p

<l-- transmission

<fly  transmission.probability ="0.07345" >
<l-- functional relation between uptake of mf and m
<l-- density in the skin, assuming exponential satu
<l-- ration to maximum level a with initial slope 2
<l-- nd shape c

<Ll-uptake fun.nr ="3" a="1.2" b="0.0213"

<l-- seasonal pattern in monthly biting rates (mbr)

<l-- as observed in Asubende, Ghana

<l-- in the simulation, actual biting rates for an

<l-- individual are calculated as product of monthl

<l-- biting rate in Asubende, a factor representing

<l-- the mean exposure in adult males in the simula

<l-- village relative to Asubende (“relative biting

<l-- rate"), and all other factors related to gende

<l-- age, and individual variation in exposure

<l-- to produce some desired endemicity level in th

<l-- simulation, adjust the relative biting rate su

<l-- that mf prevalence or density (distribution) i

<l-- the population (output at the desired time poi

<l-- equals the desired value

<l-- N.B. individual variation in exposure to fly b

<l-- also determined mean and distribution of simul

<l-- infection levels

<!-- rbr = 0.305 for CMFL 5-->

<!-- rbr = 0.329 for CMFL 10-->

<l-- rbr = 0.457 for CMFL 30-->

<!I-- rbr = 0.586 for CMFL 55-->

<l-- rbr = 0.720 for CMFL 80-->

<monthly.biting.rates relative.biting.rate
<mbr month="1" rate ="2670" />
<mbr month="2" rate ="2350" />
<mbr month="3" rate ="1500" />
<mbr month="4" rate ="1920" />
<mbr month="5" rate ="1940" />
<mbr month="6" rate ="1690" />
<mbr month="7"  rate ="2630" />
<mbr month="8" rate ="3410" />
<mbr month="9" rate ="3010" />
<mbr month="10" rate ="3290" />
<mbr month="11" rate ="3750" />
<mbr month="12" rate ="2690" />

</monthly.biting.rates>

</fly>
<!I-- parameters for mass treatment

develops -->

c="0.0861" />

="0.305" >
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6.9 <Mass.treatment>

The<mass.treatment>  element defines parameters for the timing of nii@sgment rounds,
individual compliance (permanent, temporary anddegendent), and effects of ivermectin
on mature worms, mf production by F worms and on mf

<mass.treatment>
<l-- timing of individual mass treatment rounds (on
<l-- line per mass treatment round), specifying yea
<l-- month (0 represents January 1st), and populati
<l-- coverage (fraction of total village population

e -->
r, -->
on -->

->




<l-- including those not eligible for treatment)
<l-- see note regarding "delay" below
<treatment.rounds>
<treatment.round
</treatment.rounds>
<l-- random fraction of population permanently not
<l-- eligible for treatment due to chronic illness
<l-- random fraction of population in which ivermec
<l-- does not work due to diarrhoe (temporary effec
<compliance  fraction.excluded ="0.05"

year ="2001" month ="6"

<l-- some expected overall coverage in the eligible
<l-- population
<l-- weights are constant within age categories

fraction.malabsorption
<l-- weights for age and sex-specific compliance, g

-->
-->
coverage ="0.8" delay ="-1" />
==
and -->
tin -->
t) -->
="0.05" >
iven -->

<age.and.sex.specific.compliance age.limit  ="5" male.compliance ="0" female.compliance ="0" />

<age.and.sex.specific.compliance age.limit  ="10" male.compliance ="0.75"
female.compliance ="0.75" />

<age.and.sex.specific.compliance age.limit  ="15" male.compliance  ="0.80"
female.compliance ="0.70" />

<age.and.sex.specific.compliance age.limit  ="20" male.compliance  ="0.80"
female.compliance ="0.74" />

<age.and.sex.specific.compliance age.limit  ="30" male.compliance ="0.70"
female.compliance ="0.65" />

<age.and.sex.specific.compliance age.limit  ="50" male.compliance ="0.75"
female.compliance ="0.70" />

<age.and.sex.specific.compliance age.limit  ="90" male.compliance  ="0.80"
female.compliance ="0.75" />

</compliance>

<l-- ivermectin efficacy, specified as permanent re
<l-- capacity to produce mf (cumulative effects all

<l-- of how mf production recovers over time (to a
<l-- maximum level), and fraction of mf surviving e

duction in worm -->
owed), pattern -->
new, reduced -->
ach treatment -->

<treatment.effects permanent.reduction.mf-production ="0.349"  period.of.recovery ="0.875"
shape.parameter.recovery.function ="1.483" fraction.killed ="0" >
<fraction.mf.surviving distnr  ="0" mean="0.0" />
<l-- variability in treatment effects (relative to mean, -->
<l-- expected effect), assuming a Weibull distribut ion with -->
<l-- mean one and shape "p1" ->
<treatment.effect.variability distnr  ="3" mean="1.0" p1l="2" />

</treatment.effects>
</mass.treatment>

6.10<Vector.control>

The<vector.control>
control during periods of vector control.

element defines parameters for setting the effitgtof vector

<l-- parameters for vector control
<l-- effectivity is specified as relative reduction
<l-- if no vector control is desired in the simulat
<l-- outside the scope of the simulation (after the
<l-- vector control is usually assumed to be highly
<vector.control>
<period start.year
<period start.year
</vector.control>
</wormsim.inputfile>
<l-- In ONCHOSIM, some events may be scheduled at t
<l-- "delay" specifies at what time an event takes
<l-- planned at the same time. The order of events
<I-- reaper, survey, mass treatment, worm and mf ge

="2160"
="2170"

="2150"
="2165"

stop.year
stop.year

-=>
in biting rates ->
ion, set timing ->
last survey) ->
effective ->
effectivity ="0.95" />
effectivity ="0.95" />

he same time. The attribute  -->
place, relative to other events -->
is currently: human births, the -->
neration and death. ->
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7 Annotated output file

The WORMSIMstandard output (e.gexample_oncho.txt) is a tab delimited text file with
the following columns:

year
N

N20
mf+
mf+20
mfPr
aNmf
aNmf20
gNmf
CMFL
bl

bl20
blPr
w+
w+20
aNw
aNw20
mbr
mtp

L1

L3

foi

: time (years)

: nr examined

: nr examined > 20 yrs old

: percentage with positive skin snip

: percentage with positive skin snip (> 20 yrs)

: age/sex standardized mf prevalence

: arithmetic mean nr mf per skin snip

: arithmetic mean nr mf per skin snip (> 20 yrs)

: geometric meain nr mf per skin snip

: geometric meain nr mf per skin snip (> 20 yrs)

: percentage blind

: percentage blind (> 20 yrs)

: age/sex standardized prevalence of blindness

: percentage with at least one adult female worm

: percentage with at least one adult female worm (> 20 yrs)

: arithmetic mean nr of adult female worms per person

: arithmetic mean nr of adult female worms per person (>20 yrs)
: monthly fly biting rate in previous month

: monthly transmission potential in previous month

: mean nr of L1 larvae per 1000 biting flies in previous month
: mean nr of L3 larvae per 1000 biting flies in previous month
: mean force of infection (nr of new adult worms per person) in prev. month

The WORMSIMIlog output (e.gexample_oncho.log) is a tab delimited text file with output
for each simulation run in the following columns:

seed
year
mf+
mf5+
W+

N
aNmf
aNmf20
N20
CMFL

: the seed of the random number generator (i.e. run nr) of that specific run
: time (years)

: fraction with positive skin snip

: fraction with positive skin snip > 5 yrs

: fraction with at least one adult female worm

: nr examined

: arithmetic mean nr mf per skin snip

: arithmetic mean nr mf per skin snip (> 20 yrs)

: nr examined > 20 yrs old

: geometric meain nr mf per skin snip (> 20 yrs)
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The detailed *X.txt output (e gkample_onchoX.txt) contains sex and age specific output
with the following columns:

year : time (years)

age : upper limit of age group

M : nr M examined in that age group

F : nr F examined in that age group

Mbl : percentage blind M in that age group

Fbl : percentage blind F in that age group

Mmfpos : percentage M in that age group with positive skin snip

Fmfpos : percentage F in that age group with positive skin snip

MaNmf : arithmetic mean nr mf per skin snip in M of that age group
FaNmf : arithmetic mean nr mf per skin snip in F of that age group
MgNmf : geometric mean nr mf per skin snip in M of that age group

FgNmf : geometric mean nr mf per skin snip in F of that age group

Mwpos : percentage M in that age with at least one adult female worm
Fwpos : percentage F in that age with at least one adult female worm
Mnrw : arithmetic mean nr of adult female worms per M in that age group
Fnrw : arithmetic mean nr of adult female worms per F in that age group

The detailed *Y.txt output (e.gcample_onchoY.txt) contains sex and age specific output on
skin snips with the first two columns indicatingay@and age group

year : time (years)
age : upper limit of age group

The remaining columns depend on the skin snip oaitegydefined in the input file.

The default value of thkin-snip.categories attribute of thecsurveillance> element is
skin-snip.categories="0.5,1,2,4,8,16,32,64,128,256, 512,1e6"

which results in the following output columns:

-1 : percentage of M in that age group with average skin snip count < 0.5

-1 : percentage of M in that age group with 0.5 <= average skin snip count < 1

-2 : percentage of M in that age group with 1 <= average skin snip count < 2

-4 : percentage of M in that age group with 2 <= average skin snip count < 4

-8 : percentage of M in that age group with 4 <= average skin snip count < 8

-16 : percentage of M in that age group with 8 <= average skin snip count < 16
-32 : percentage of M in that age group with 16 <= average skin snip count < 32
-64 : percentage of M in that age group with 32 <= average skin snip count < 64
-128 : percentage of M in that age group with 64 <= average skin snip count < 128
-256 : percentage of M in that age group with 128 <= average skin snip count < 256
-512 : percentage of M in that age group with 256 <= average skin snip count <512
-1e9 : percentage of M in that age group with 512 <= average skin snip count < 1e9

followed by the same categories for F.
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Appendix |

Probability distributions for stochastic

processes available in WORMSIM

Reference numbers (rightmost column) are usedeMI®RMSIM input file to define

probability distributions for stochastic proces3&dthin WORMSIM, stochastic processes
are pre-defined to follow either a continuous @cdete distribution, so each type has its own

list of reference numbers.

Probability Parameters Domain Probability density function Reference
distribution ininput file number
Continuous distributions
Constant (real) u u fx)=1 0
Uniform 1 p1 (pv2u—p1) fO)=Cw™ 1
Exponential U R* f(x) = pute */* 2
Weibull U, P1 R* F(x) = aB~ %@ 1e~@WR® 3

wherea = p; andB = u/T(1 + 1/a)
Gamma U, P1 Rt _ xk—1g=x/0 4

f(x) - F(k)@k )

wherek = p; andé = u/p,;

i r'(a+pB) = —

Beta (optionally scaled) u, p;, p, (0,p2) Fxy) = F(aﬂgr(ﬁ) xZA (1= xprans) P4, 5

wherex;qns = x/p2, @ = p1, andp =

b2

P1 (7 1)

Normal , R —_ 1 -(x-@?/20? 6
U, p1 fx) o e ,

wheres = p,

Log-normal U, P1 R* Fx) = L o~ Un-um)?/20f, 7
x Zno'lzn
whereuy, = In| £ |, ando?, =
[pi+u?
2

In (”1#—2”2); i.e. u andp, are defined on the

positive real plan@®R™.
Discrete distributions
Constant (integer) u 1zl fx)=1 0
Bernoulli* u Z, fl) =p*(1— > 1
Uniform I Zjs1 flx) = 1—11 wherej = [(2m + 0.5)] and|y| 2

is the largest integer not larger thyan
Binomial* U, D1 Zy, f) = (Ou (1 — )", wheren = p, 3
Geometric* u z F() = (1~ p)*p, wherep = -1~ 4
Poisson A ety 5

! 0 =—
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Probability Parameters Domain Probability density function Reference
distribution ininput file number

: . : . B
Negative binomial U, b1 Z Flx) = (L) F(k+x)( “ )x’ wherek = p, 6

k+u/) x'T(k) \k+u

* This distribution was available in the originaNOHOSIM model, but is still due to be implementedWORMSIM. The Bernoulli distribution is
used in parts of the model, but is hardcoded isetliases. The geometric distribution can be siedilat means of a negative binomial distribution
with p; = 1. In a future update of WORMSIM, all listed disuttons will be (re-)implemented using the Apacherdwons Math library.
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Appendix Il
WORMSIM

Functional relationships available in

Referenceaumbers (rightmost column) are used in the WORM#®IpAt file to define
functional relationships for deterministic processe

Functional Parameters  Formula Parameter constraints and Reference
relationship function characteristics number
Constant a fx)=a a=>0 0
Linear a,b,c f(x)=ax+bifax+b <c, a=0;b=0;if c<0,n0 1
fx)=c otherwise maximum is considered
Hyperbolic a,b,c FOO) =c+ o b=0;c=0;(b-c)a>0; 2
saturating 1+ ax/(b—c) £(0) = 0; limy_, f(x) = b;
f'(0)=a
Exponential a,b,c f)=a(l—e™P)1+e) a=0;b>0;c=0;f(0)=0; 3
saturating lim,_,o f(x) = a; f'(0) = 2ab
Sigmoidal a,b,c fx)=a(1- e-(bx)c) a=0;b>0;01<c<10; 4
saturating f(0) = 0; lim, o, f (x) = a;
f'(0)=0forc > 1,
f'(0)=abforc=1;
f'(0)=oforc<1
Power function a, b f(x) = ax? a=0;b=0; f(0)=0; 5

limy, o f(x) = o0;

f'(0)=0forb > 1;
f'(0)=aforb=1,
f'(0)=ooforb<1
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